Abstract -The Bekenstein-Hawking entropy of certain black holes can be computed microscopically in string theory by mapping the elusive problem of counting microstates of a strongly gravitating black hole to the tractable problem of counting microstates of a weakly coupled D-brane system, which has no event horizon, and indeed comfortably fits on the head of a pin. We show here that, contrary to widely held beliefs, the entropy of spherically symmetric black holes can easily be dwarfed by that of stationary multi-black-hole "molecules" of the same total charge and energy. Thus, the corresponding pin-sized D-brane systems do not even approximately count the microstates of a single black hole, but rather those of a zoo of entropically dominant multicentered configurations. Abstract -We demonstrate that, as we extrapolate the current LCDM universe forward in time, all evidence of the Hubble expansion will disappear, so that observers in our "island universe" will be fundamentally incapable of determining the true nature of the universe, including the existence of the highly dominant vacuum energy, the existence of the CMB, and the primordial origin of light elements. With these pillars of the modern Big Bang gone, this epoch will mark the end of cosmology and the return of a static universe. In this sense, the coordinate system appropriate for future observers will perhaps fittingly resemble the static coordinate system in which the de Sitter universe was first presented. Abstract -Lorentz invariance plays a pivotal role in the derivation of the Hawking effect, which crucially requires an integration in arbitrarily small distances, or equivalently, in unbounded energies. New physics at the Planck scale could, therefore, potentially modify the emission spectrum. We show, however, that the kinematic invariance can be deformed in such a way that the thermal spectrum remains insensitive to trans-Planckian physics. Abstract -We propose a Curvature Principle to describe the dynamics of interacting universes in a multiuniverse scenario and show, in the context of a simplified model, how interaction drives the cosmological constant of one of the universes toward a vanishingly small value. We also conjecture on how the proposed Curvature Principle suggests a solution for the entropy paradox of a universe where the cosmological constant vanishes.
Abstract -In this essay I first discuss the physical relevance of the inequality J m ≥ for axially symmetric (non-stationary) black holes, where m is the mass and J the angular momentum of the spacetime. Then, I present a proof of this inequality for the case of one spinning black hole. The proof involves a remarkable characterization of the extreme Kerr black hole as an absolute minimum of the total mass. Finally, I conjecture on the physical implications of this characterization for the non linear stability problem for black holes. Abstract -Recent work has revealed intriguing connections between a Belinsky-Khalatnikov-Lifshitz-type analysis of spacelike singularities in General Relativity and certain infinite dimensional Lie algebras, and in particular the 'maximally extended' hyperbolic Kac-Moody algebra E 10 . In this essay we argue that these results may lead to an entirely new understanding of the (quantum) nature of speed (-time) at the Planck scale, and hencevia an effective 'de-emergence' of space near a singularity -to a novel mechanism for achieving background independence in quantum gravity.
8.
Gravitational Abstract -We explore the method of Robinson and Wilczek for deriving the Hawking temperature of a black hole. In this method, the Hawking radiation restores general covariance in an effective theory of near-horizon physics which otherwise exhibits a gravitational anomaly at the quantum level. The method has been shown to work for broad classes of black holes in arbitrary spacetime dimensions. These include static black holes, accreting or evaporating black holes, charged black holes, and rotating black holes. In the charged and rotating cases, the expected super-radiant current is also reproduced. Abstract -We show that gravitational wave emission, both in the linear approximation and in the full nonlinear regime of General Relativity, gives a hint of black hole thermodynamic processes by which a black hole evolves emitting part of its perturbation in the form of gravitational waves and absorbing the remaining of it, reaching a final configuration with a larger entropy. The partition of energy in this process is constrained by the maximum entropy principle, and the final entropy obtained numerically is given as a distribution function of the efficiency of the process. The distribution function is in the realm of nonextensive thermostatistics with entropic index q @ 1/2, a result that is validated analytically by the linear approximation.
10.
The Abstract -We show that holography follows directly from the basic structure of spherically symmetric loop quantum gravity. The result is not dependent on detailed assumptions about the dynamics of the theory being considered. It ties strongly the amount of information contained in a region of space to the tight mathematical underpinnings of loop quantum gravity.
12.
Black Holes, Information, and Locality -by Steven B. Giddings; Department of Physics, University of California, Santa Barbara, CA 93106-9530; email: giddings@physics.ucsb.edu
Abstract -Thirty years of a deepening information paradox suggest the need to revise our basic physical framework. Multiple indicators point toward reassessment of the principle of locality: lack of a precise definition in quantum gravity, behavior of high-energy scattering, hints from strings and AdS/CFT, conundrums of quantum cosmology, and finally lack of good alternative resolutions of the paradox. A plausible conjecture states that the non-perturbative dynamics of gravity is unitary but nonlocal. String theory may directly address these issues but so far important aspects remain elusive. If this viewpoint is correct, critical questions are to understand the "correspondence" limit where nonlocal physics reduces to local quantum field theory, and beyond, to unveil principles of an underlying nonlocal theory.
13.
Child Universes UV Regularization? -by E.I. Guendelman; Physics Department, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel; email: guendel@bgu.ac.il Abstract -It is argued that high energy density excitations, responsible for UV divergences in quantum field theories, including quantum gravity, are likely to be the source of child universes which carry them out of the original space time. This decoupling prevents these high UV excitations from having any influence on physical amplitudes. Child universe production could therefore be responsible for UV regularization in quantum field theories which take into account gravitational effects. Finally child universe production in the last stages of black hole evaporation, the prediction of absence of transplanckian primordial perturbations, connection to the minimum length hypothesis and in particular the connection to the maximal curvature hypothesis are discussed.
14.
The Israel Theorem: What is Nature Trying to Tell Us? -by L. Herrera; Escuela de Física, Facultad de Ciencias, Universidad Central de Venezuela, Caracas, Venezuela; email: laherrera@cantv.net.ve Abstract -We explore the possible physical consequences derived from the fact that the only static and asymptotically-flat vacuum space-time possessing a regular horizon is the Schwarzschild solution (Israel Theorem). If small deviations from the Schwarzschild metric are described by means of exact solutions to Einstein equations (as it should be), then for very compact configurations, at the time scale at which radiatable multipole moments are radiated away, important physical phenomena should occur, as illustrated by some results on different solutions belonging to the Weyl class of static axially-symmetric solutions to the Einstein equations.
15.
Black Holes Have a Good Temper(ature) -by Shahar Hod; The Hadassah Institute, Jerusalem 91010, Israel; email: shaharhod@gmail.com Abstract -It is well known that black holes are the most extreme objects in nature: they have the maximal energy and entropy capacities allowed by the laws of physics. In this essay we reveal another extreme property of these fascinating objects: black holes have the fastest relaxation dynamics allowed by a quantum theory of gravity. From information theory and thermodynamic considerations a universal bound on the relaxation time τ of a perturbed physical system is inferred, τ ≥ ħ/πT, where T is the system's temperature. We then show that black holes actually attain this fundamental bound, which makes them the fastest relaxing objects in the universe.
16.
A New Spin on Quantum Gravity-by Craig J. Particle Astrophysics Center, Fermi National Accelerator Laboratory, Batavia, Illinois 60510; email: markj@fnal.gov Abstract -We suggest that the (small but nonvanishing) cosmological constant, and the holographic properties of gravitational entropy, may both reflect unconventional quantum spin-statistics at a fundamental level. This conjecture is motivated by the nonlocality of quantum gravity and the fact that spin is an inherent property of spacetime. As an illustration we consider the 'quon' model which interpolates between fermi and bose statistics, and show that this can naturally lead to an arbitrarily small cosmological constant. In addition to laboratory tests, we briefly discuss the possible observable imprint on cosmological fluctuations from inflation. Abstract -It has long been a primary objective of cosmology to understand the apparent isotropy in our universe and to provide a mathematical formulation for its evolution. A promising school of thought for its explanation is quiescent cosmology which already possesses a mathematical framework, namely the definition of an isotropic singularity, but only for the initial stage of the universe. A complementary framework is therefore necessary to also describe possible final states of the universe. Our new definitions of an anisotropic future endless universe and an anisotropic future singularity, whose structure and properties differ significantly from those of the isotropic singularity, offer a promising realisation for this framework. The combination of the three definitions together then provides the first complete formalisation of the quiescent cosmology concept.
18.
Non-Local Inflation Around a Local Maximum -by James E. Lidsey; Astronomy Unit, School of Mathematical Sciences, Queen Mary, University of London, Mile End Road, London, E1 4NS, U.K.; email: J.E.Lidsey@qmul.ac.uk
Abstract -It is shown that non-local, higher-derivative operators, which arise generically in a string field theory, can act as additional sources of friction on the inflation field as it rolls away from a maximum in its potential. Moreover, the cosmic dynamics can be quantified in terms of a local field theory, where the curvature of an effective potential has been suppressed. A prolonged phase of quasi-exponential expansion can therefore be realised with steep potentials that typically arise in particle physics models. We illustrate this effect within the context of p-adic string theory.
19.
Falling into a Black Hole -by Samir D. Mathur; Department of Physics, The Ohio State University, Columbus, OH 43210; email: mathur@mps.ohio-state.edu Abstract -String theory tells us that quantum gravity has a dual description as a field theory (without gravity). We use the field theory dual to ask what happens to an object as it falls into the simplest black hole: the 2-charge extremal hole. In the field theory description the wavefunction of a particle is spread over a large number of 'loops', and the particle has a well-defined position in space only if it has the same 'position' on each loop. For the infalling particle we find one definition of 'same position' on each loop, but there is a different definition for outgoing particles and no canonical definition in general in the horizon region. Thus the meaning of 'position' becomes ill-defined inside the horizon.
20.
Gravity as an Emergent Phenomenon -by T. Padmanabhan; IUCAA, Post Bag 4, Ganeshkhind, Pune -411 007, India; email: paddy@iucaa.ernet.in
Abstract -There are strong reasons to believe that the gravitational interaction -described in terms of a metric on a smooth spacetime -is an emergent, long wavelength phenomenon, like elasticity. I describe a concrete framework for realizing this paradigm in the backdrop of several recent results. In this perspective, quantum fluctuations of the microscopic degrees of freedom of the spacetime lead to residual random displacements of any null surface. The latter can be described in terms of an effective theory using an action associated with the normal displacements of the null surfaces. Extremizing this action leads to an equation determining the background geometry. The resulting theory is Einstein gravity at the lowest order with the Lanczos-Lovelock type quantum corrections. The metric is not a dynamical variable in this approach and gravity arises as a coarse grained statistical feature of an underlying microscopic theory.
21.
A Abstract -A consistent approach to Cosmology requires an explicit averaging of the Einstein equations, to describe a homogeneous and isotropic geometry. Such an averaging will in general modify the Einstein equations. The averaging procedure due to Buchert has attracted considerable attention recently since it offers the tantalizing hope of explaining the phenomenon of dark energy through such corrections. This approach has been criticized, however, on the grounds that its effects may be gauge artifacts. We apply the fully covariant formalism of Zalaletdinov's Macroscopic Gravity and show that, after making some essential gauge choices, the Cosmological equations receive spacetime scalar corrections which are therefore observable in principle, and further, that the broad structure of these corrections is identical to those derived by Buchert.
22.
Think Positive -by Andrew Randono; Center for Relativity, Department of Physics, University of Texas at Austin, Austin, TX 78712; email: arandono@physics.utexas.edu
Abstract -Most simple extensions of the Standard Model to include neutrino mass utilize both the Dirac and Majorana fermionic inner products. It is natural then to assume that the universal symmetry group which preserves both these inner products may be the spacetime symmetry group underlying the gravitational interaction. We show that the largest subgroup of the four dimensional general linear group that preserves both these inner products is, in fact, locally isomorphic to the de Sitter group. This mechanism therefore gives a natural explanation for the existence and positivity of the bare cosmological constant. We then show that there are simple extensions of the Macdowell-Mansouri formalism where gravity is a gauge theory of the de Sitter group that retains exact local de Sitter symmetry.
23.
Quantum Condensates in Extreme Gravity: Implications for Cold Stars and Dark Matter -by M.P. Silverman; Department of Physics, Trinity College, Hartford, CT 06070; email: mark.silverman@trincoll.edu Abstract -Stable end-point stars currently fall into two distinct classes -white dwarfs and neutron starsdiffering enormously in central density and radial size. No stable cold dead stars are thought to span the intervening densities nor have masses beyond ~2-3 solar masses. I show, however, that the general relativistic condition of hydrostatic equilibrium augmented by the equation of state of a neutron condensate generates stable sequences of cold stars that span the density gap and can have masses well beyond prevailing limits. The radial sizes and mass limit of each sequence are determined by the mass and scattering length of the composite bosons. Solutions for hypothetical bosons of ultra-small mass and large scattering length yield huge self-gravitating systems of low density, resembling galactic dark matter halos.
24.
The Inevitable Nonlinearity of Quantum Gravity Falsifies the Many-Worlds Interpretation of Quantum Mechanics -by T.P. Singh; Tata Institute of Fundamental Research; Homi Bhabha Road, Mumbai 400 005, India; email: tpsingh@tifr.res.in
Abstract -There are fundamental reasons as to why there should exist a reformulation of quantum mechanics which does not refer to a classical spacetime manifold. It follows as a consequence that quantum mechanics as we know it is a limiting case of a more general nonlinear quantum theory, with the nonlinearity becoming significant at the Planck mass/energy scale. This nonlinearity is responsible for a dynamically induced collapse of the wave-function, during a quantum measurement, and it hence falsifies the many-worlds interpretation of quantum mechanics. We illustrate this conclusion using a mathematical model based on a generalized DoebnerGoldin equation. The non-Hermitian part of the Hamiltonian in the norm-preserving, nonlinear, Schrödinger equation dominates during a quantum measurement, and leads to a breakdown of linear superposition.
25.
Celestial Optical Interferometry: A New Tool for Ultra-High Precision Studies in Gravity -by C. Abstract -The tremendous progress in the science and technology of timing devices and laser sources has reached a stage where their stability and coherence are sufficient to implement unbalanced interferometers over a length scale exceeding the Earth-Moon distance. This opens up the possibility of optical homodyne interferometry over such distances, either to the moon, or to artificial satellites that are at large distances from the earth. The precision of the measurement of changes in the orbital distance would increase by a factor of 10 4 or more, enabling new ultra-high precision tests of the equivalence principle, study of gravitomagnetism, and of subtle gravitational phenomena including the constancy of the gravitational constant and possible gravitational expansion of space. It will enable geodesy and tide studies with unprecedented precision. Such interferometers are also useful for the detection and study of low frequency gravitational waves.
26.
Resummed Quantum Gravity -by B.F.L. Ward; Department of Physics, Baylor University, Waco, Texas 76798-7316; email: BFL_Ward@baylor.edu
Abstract -We present the current status of the new approach to quantum general relativity based on the exact resummation of its perturbative series as that series was formulated by Feynman. We show that the resummed theory is UV finite and we present some phenomenological applications as well.
27.
A New Look at the Big Bang -by Paul S. Wesson; Department of Physics, University of Waterloo, Waterloo, Ontario N2L 3G1, Canada.
Abstract -We give a mathematically exact and physically faithful embedding of curved 4D cosmology in a flat 5D space, thereby enabling us to visualize the big bang in a new and informative way. In fact, in unified theories of fields and particles with real extra dimensions, it is possible to dispense with the initial singularity.
28.
Gravitational Abstract -Cosmic acceleration is explained quantitatively as an apparent effect due to gravitational energy differences that arise in the decoupling of bound systems from the global expansion of the universe. "Dark Energy" is a misidentification of those aspects of gravitational energy which by virtue of the equivalence principle cannot be localised, namely gradients in the energy due to the expansion of space and spatial curvature variations in an inhomogeneous universe. A new scheme for cosmological averaging is proposed which solves the Sandage-de Vaucouleurs paradox. Concordance parameters fit supernovae luminosity distances, the angular scale of the sound horizon in the CMB anisotropies, and the effective comoving baryon acoustic oscillation scale seen in galaxy clustering statistics. Key observational anomalies are potentially resolved, and unique predictions made, including a quantifiable variance in the Hubble flow below the scale of apparent homogeneity.
29.
Space Gravitational Wave Detectors Can Determine the Thermal History of the Early Universe -by Jun'ichi Yokoyama; Research Center for the Early Universe (RESCEU), Graduate School of Science, The University of Tokyo, Tokyo 113-0033, Japan; email: yokoyama@resceu.s.u-tokyo.ac.jp
Abstract -It is shown that space-based gravitational wave detectors such as DECIGO and/or Big Bang Observer (BBO) will provide us with invaluable information on the reheating process after inflation and they will be able to determine the thermal history of the early Universe between inflation and primordial nucleosynthesis. Therefore it is strongly desired that they will be put into practice as soon as possible.
30.
Dark Energy: A Unifying View -by Winfried Zimdahl; Departamento de Física, Universidade Federal do Espírito Santo, CEP29060-900 Vitória, Espírito Santo, Brazil; email: zimdahl@thp.uni-koeln.de
Abstract -Different models of the cosmic substratum which pretend to describe the present stage of accelerated expansion of the Universe, like the LCDM model or a Chaplygin gas, can be seen as special realizations of a holographic dark energy cosmology if the option of an interaction between pressureless dark matter and dark energy is taken seriously. The corresponding interaction strength parameter plays the role of a cosmological constant. Differences occur at the perturbative level. In particular, the pressure perturbations are intrinsically nonadiabatic.
